achieved complete withdrawal of treatment and 7 (17%) had their doses reduced. The mean of differences between baseline and 12-month measurements of systolic BP was 10.5 mm Hg (p = 0.021) and the total-to-HDL cholesterol ratio 0.9 (p ! 0.002). Conclusion: Our study confirmed the finding of previous studies that gastric bypass surgery in obese people with T2D results in significant weight loss, and improved glycaemic, BP and lipid profiles. Bariatric surgery should be regarded as an effective therapeutic intervention in this patient population.
Introduction
The twin epidemics of obesity and type 2 diabetes (T2D) have become major public health concerns worldwide. The vast majority of people with T2D are overweight and over half are clinically obese [1] . The benefits of even modest weight loss in favourably modifying glucose control and other cardiovascular risk factors such as lipid profile and blood pressure (BP) are already well known [2] . Over the last decade bariatric surgery has been increasingly recognized as an intervention of choice for achieving clinically significant and durable weight loss in morbidly obese people. Bariatric surgery also results in resolution or improvement in the severity of several comorbid conditions including T2D, hypertension, hyperlipidaemia and obstructive sleep apnoea. Several series have reported that the majority of obese people with T2D who undergo bariatric surgery achieve remission of their diabetes or a significant reduction of their glucose-lowering therapy. However, uptake of bariatric surgery has been patchy in the UK despite clinical guidelines published by the National Institute for Health and Clinical Excellence in 2006. We hereby describe our experience of metabolic outcomes following Roux-en-Y gastric bypass surgery in people with T2D in Greater Manchester.
Subjects and Methods
A retrospective, observational cohort analysis of bariatric surgical patients in the setting of a National Health Service (NHS) university teaching hospital that serves the population of Greater Manchester in north-west England was carried out. Forty-nine obese people with T2D (31 women) who had undergone gastric bypass surgery 12 or more months previously were identified from electronic patient records. Pre-operative and postoperative body weight and glycosylated haemoglobin (HbA 1c ) at 3, 6 and 12 months, and changes to glucose-lowering therapies were recorded. Weight loss outcomes were reported as percentage of excess body weight loss based on the degree of excess weight above the reference standard body mass index of 25 [3] , computed by the formula [initial weight (kg) -current weight (kg)]/[initial weight (kg) -ideal weight (kg)] ؒ 100, where ideal weight (kg) = 25 ؒ [height (m)] 2 . BP and total and high-density lipoprotein (HDL) cholesterol measurements at baseline and 12 months postoperatively were also extracted. The primary outcome measure was change in HbA 1c following gastric bypass surgery; secondary outcomes included changes in glucose-lowering treatment, BP and lipid profile. Data were analysed with SPSS 16.0 (SPSS Inc., Chicago, Ill., USA) and Prism 4.03 (Graph Pad Software Inc., La Jolla, Calif., USA). Comparisons between paired measurements were performed by Student's paired-samples t test and proportions by Fisher's exact test. Comparisons among groups were done by oneway analysis of variance followed by Tukey's multiple comparison test. p ! 0.05 was considered statistically significant. To cope with missing values because of the retrospective, observational nature of the study, frequencies were reported as valid percentages to circumvent the problem of differing denominators. Data were reanalysed after imputing missing values by the expectation-maximization method to confirm significant results. Results were reported based on original, unimputed data.
Results
The mean 8 standard deviation (SD) of patients' age was 49.9 8 8.7 years, pre-operative body weight 141.4 8 26.4 kg and body mass index 49.4 8 7.3; the duration of diabetes was 9.1 8 5.1 years and pre-operative HbA 1c 8.1 8 1.5%. Of the 49 patients, 30 (61%) were receiving oral hypoglycaemic agents whilst 11 (22%) were on insulin with or without oral hypoglycaemic agents. Of 45 patients, 41 (91%) had a pre-operative HbA 1c 6 6.5%. Preoperative mean systolic and diastolic BP 8 SD were 147.0 8 20.2 and 80.6 8 12.6 mm Hg, respectively, total and HDL cholesterol 4.5 8 1.1 and 1.2 8 0.3 mmol/l, respectively, and the total-to-HDL cholesterol ratio 4.0 8 1.5.
The mean postoperative percent excess body weight loss at 3, 6 and 12 months was 39.0, 53.9 and 71.1, respectively (p ! 0.0001 for trend; fig. 1 a) , with a corresponding fall in mean HbA 1c to 6.63, 6.22 and 5.78%, respectively (p ! 0.0001 for trend; fig. 1 b) . Remission of diabetes, defined as an HbA 1c ! 6.5% with no glucose-lowering treatment, occurred in 12 of 18 patients (67%) by 3 months, 20 of 27 (74%) by 6 months and 21 of 25 (84%) by 12 months (baseline vs. 12 months, p ! 0.0001). The mean duration of diabetes 8 SD was 9.0 8 4.5 years in patients who achieved remission of T2D by 1 year compared to 17.0 8 3.5 years in those who did not. Of 41 patients who were on glucose-lowering treatment pre-operatively, 26 (63%) achieved complete withdrawal of treatment and 7 (17%) had their medication doses reduced. Of 11 patients who were on insulin with or without oral hypoglycaemic agents pre-operatively, 7 (64%) came off insulin treatment and 4 (36%) had their medication doses reduced; 5 (46%) achieved complete withdrawal of glucose-lowering treatment.
The mean of differences between baseline and 12-month measurements of systolic BP was 10.45 mm Hg (p = 0.021; fig. 1 c) , diastolic BP 2.62 mm Hg (p = 0.431), total cholesterol 0.68 mmol/l (p = 0.014), HDL cholesterol -0.15 mmol/l (p ! 0.006), and the total-to-HDL cholesterol ratio 0.86 (p ! 0.002; fig. 1 d) . Systolic BP was 1 140 mm Hg in 27 of 40 patients (67.5%) pre-operatively compared to 12 of 33 (36.4%) postoperatively (p ! 0.01). The total-to-HDL cholesterol ratio was 1 4.0 in 18 of 40 patients (45%) pre-operatively compared to 3 of 30 (10%) postoperatively (p ! 0.002).
Discussion
Our observational study confirmed significant weight loss and early remission or improvement in T2D following gastric bypass surgery as shown in a recent large meta-analysis of studies involving more than 135,000 postbariatric diabetic patients [4] . The remission of glucose intolerance in T2D following gastric bypass surgery mostly occurs in the early postoperative period long before a clinically significant weight loss is observed, as also seen in our study. This implies that gastric bypass surgery improves diabetes through changes in the entero-insular axis, and various gut hormones and adipokines have been implicated. Ghrelin is an orexigenic hormone expressed mainly in the fundus of the human stomach that stimulates hunger. The plasma ghrelin concentration increases with diet-induced weight loss; however, gastric bypass surgery is associated with markedly suppressed ghrelin levels, possibly contributing to the weight-reducing effect of the procedure [5] . In contrast to ghrelin, glucagon-like peptide 1 (GLP-1) and peptide YY act as appetite suppressants [6] . GLP-1 and peptide YY are released in response to nutrient ingestion from endocrine L cells, which are most densely located in the distal ileum. It has been shown that gastric bypass is associated with a marked increase in GLP-1 and peptide YY plasma concentrations in response to nutrient ingestion [7] . There is emerging evidence from preclinical studies [8] that potentiation of GLP-1 activity can increase ␤ -cell mass, stimulate ␤ -cell proliferation, increase ␤ -cell neogenesis and inhibit ␤ -cell apoptosis. Whilst this remains to be seen in clinical studies in humans, augmentation of GLP-1 by gastric bypass surgery raises the exciting possibility of reversal of diabetes disease progression.
Our study confirmed that patients who achieved remission of T2D had a shorter duration of T2D compared to patients who did not. Patients with a longer duration of T2D are more likely to have progressed to significant ␤ -cell failure that fails to improve after bariatric surgery. Other factors which predict remission of diabetes following bariatric surgery include younger age, shorter duration of diabetes and greater weight loss. A recent study has reported that percent excess body weight loss is the only predictor of remission of T2D that was influenced by the choice of the bariatric procedure, with a higher chance of remission with gastric bypass compared to gastric banding within 2 years of surgery [9] . Failure of resolution of T2D, on the other hand, can result from lack of patient concordance, inadequate weight loss, long-standing uncontrolled diabetes, or when the diabetes is actually type 1 but misclassified as T2D [10] .
Our study confirmed reduction in systolic BP at 1 year following gastric bypass. It also confirmed a significant increase in HDL cholesterol as well as a reduction in total cholesterol and the total-to-HDL cholesterol ratio. Due to the practicalities of follow-up in standard NHS clinics, blood specimens were drawn in the non-fasting state and triglycerides and low-density lipoprotein cholesterol were not recorded in our cohort. The Swedish Obese Subjects (SOS) study, which compared 2,010 postbariatric patients with 2,037 non-surgical patients matched for age, sex, body mass index and comorbidities, demonstrated a reduction of 43% in myocardial infarction rate and 31% in overall mortality rate at 15 years of follow-up [11] . The SOS study also reported reductions in traditional risk factors for cardiovascular disease including hypertension and rates of dyslipidaemia (high triglyceride and low HDL cholesterol), but not hypercholesterolaemia, in the surgically treated group [12] . It is to be noted, however, that the SOS study included various surgical procedures, including gastric banding and the now obsolete vertical banded gastroplasty, and people with or without diabetes.
Based on our observation of early remission or improvement in T2D following gastric bypass surgery, we now routinely recommend cessation of glucose-lowering treatments in the immediate postoperative period in people with T2D prior to discharge from hospital, with subsequent intensive monitoring of capillary blood glucose concentrations and review by specialist nurses. As patients have markedly reduced food intake following gastric bypass surgery, our protocol minimizes the risk of postoperative hypoglycaemia. In the minority of patients who continue to manifest hyperglycaemia, glucose-lowering therapies may be re-introduced in a phased manner as clinically indicated.
A major limitation of our study is that we did not undertake special investigations to exclude auto-immune diabetes and as we accepted the classification of diabetes by the patient's primary physician. Whilst this is a potential drawback of our pragmatic, retrospective observational study, the remission rates of T2D are comparable to the recent meta-analysis [4] .
Conclusion
Gastric bypass surgery resulted in early remission or improvement in T2D, hypertension and hyperlipidaemia. Bariatric surgery should be regarded as an effective therapeutic intervention in the management of obese people with T2D.
